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The rapid increase and persistent high value
of lynx pelts since the mid-1970's generated a
great demand for lynx fur. The
response of lynx populations to incr
snowshoe hare numbers on the KNWR, Alaska,
as reflected in the harvest and scareity of tracks
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lynx; estimate their numbers; and determine
relative and absolute abundance of
hares, the principal prey of lynx
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Fig. 1. Kenai Peninsula and location of the Kenai National Wildlife Refuge, Alaska. Dark area is mountainous and light area is

lowlands.

Alaska. ADFG Game Management units 7 and
15 occur within the KNWR, and unit 15 is sub-
divided into 15A, 15B, and 15C. These subunits
include the northern, central, and southern re-
gions of the KNWR, respectively (Fig. 1).
Three major topographic features character-
ize the KNWR: the eastern Kenai Mountains
rising to 1,600 m, the Skilak-Tustumena bench-
lands which average 823 m, and the western
lowlands averaging about 122 m. The lowlands
and forested mountainous slopes =500 m are
dominated by white (Picea glauca) and black
spruce (P. mariana), paper birch (Betula pa-
pyrifera), willow (Salix spp.), and quaking as-
pen (Populus tremuloides). Two major wild-
fires within the northern region of the KNWR,
one burning 898 km? in 1947 and another 303

km? in 1969, provided forest successional hab-
itat.

LANDSAT-derived habitat information (T.
N. Bailey, unpubl. rep., U.S. Fish and Wildl
Serv., Anchorage, Alaska, 1984) indicated the
majority of habitat for lynx on the KNWR oc-
curs in forests (3,370 km?) and the remainder
(1,308 km?) in nonforested subalpine, montane,
and lowland shrubs or shrub-dominated wet-
lands and bogs. Lakes, open alpine areas, per-
manent snow, ice, glaciers, mudflats, gravel
outwash, and rock were not considered lynx
habitat. Two general habitats appeared impor-
tant to snowshoe hares and lynx. Most occurred
at low elevation (£ = 122 m) within successional
forest in the northern region of the KNWR, and
a Sitka alder (Alnus sinuata)-dominated sub-
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alpine shrub zone provided high elevation (300-
400 m) habitat along the western face of the
Eenai Mountains.

Most of our information was collected in the
northern region of the KNWR where there are
= 3,000 lakes and ponds, 1,000 km of vil seismic
exploration trails, and >100 km of roads. This
entire northern area iz open and accessible to
trappers using aircraft, snowmobiles, and dog
teams. Access is more difficult in the central
region and is most difficult in the southern re-
gion of the refuge because of the scarcity of
lakes and trails. Almost all lynx taken on the
ENWR came from the northern and central
TEegions

TRAPPING REGULATIONS

Lynx trapping on the KNWR has been lib-
eral. There have been no restrictions on num-
bers of trappers since 1967 or limits on numbers
of traps, types or locations of sets, and numbers
of lynx taken. No arcas on the KNWR have
been closed to trapping. From 1960 to 1952 a
4 5-month season from 15 November to
March was in effect. This was reduced by
days (to 15 Mar) during the 1982-83 season.

Trappers on the KNWR are required to have
a free permit, permits have been unlimited, and
trappers must file a harvest report. Prior to 1977,
only total furbearer harvest from the KNWR
was reported. Thereafter, information on the
date, location of capture, sex, and estimated age
of furbearers was reported. Because some trap-
pers fail to obtain permits or file reports, the
harvest data on lynx is considered minimal
However, since 1977, periodie cross checks in-
dicate only a minor difference in reported har-
vest and pelts sealed by the ADFG

METHODS
Lynx Movements and Mortality

Lynx were livecaptured by cooperating trap-
pers on the KNWR during the 1982-83 and
198384 trapping seasons, immobilized, exam-
ined, and released if not seriously injured
Trappers were compensated for each releassed
lynx at current pelt values. Twelve of 20 ex-
amined lynx were weighed, fitted with a 300-g
radio collar, released, and aerially located 1-10
times/month until the lynx died or radio con-
tact was lost. The area used by a lynx was de-
fined by a line commecting the outermost relo-
cation points. Mortality rates of radio-collared
lynx were caleulated as described by Trent and

31
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Rongstad (1974). Lynx carcasses were
chased from trappers between 1977 and 1954
Ages were determined by tooth development
‘Saunders 1964) and annuli in cementum lavers
of canine teeth (Nava 1970).

pur-

Snowshoe Hare Habitat Relationships
and Densities

Snowshoe hare habitat relationships and den-
sities were determined by hare pellet counts
and marking and recapture of hares in 2 study
grids, respectively. Ninsteen single-sample pel-
let transects were distributed throughout the
ENWER and adjacent Chugach National Forest
between 13 September and 21 October 1983
and 14-17 June 1984 All but 1 transect con
sisted of 32 1-m? sample plots using a square
plot frame. Sample plots were spaced approxi-
mately 9 m apart, #/line, along 4 lines radiating
in the 4 cardinal directions from a central, ran-
domly selected point. All pellets in each 1-m?
plot were counted. Permanent pellet plots were
established at each of the 49 plot centers on the
3 permanent snowshoe hare grids. Hare pellets
within the frame were counted and removed
from the plots in 1983 and recounted between
24 May and 27 July 1984

Snowshoe hares were livetrapped on 2 of 3
permanent grids located within the 1947-burned
area using the methods of Wollf (1952). Dou-
ble-door, cage-type live traps (23 % 23 % 8l em
were arranged in a 7 % 7 grid, spaced 60 m
apart, and set within 5 m of the plot center. A
3rd grid, where hares were not trapped, was in
the 1969-burned area. Live traps usually were
placed in well used hare runways, covered with
natural materials, and baited with alfalfa cubes.
Captured hares were eartagged with either size
1 or 3 No. 1005 monel metal ear tags (Natl
Band and Tag Co., Newport, Ky.) and aged as
adults or young-of-the-year on the basis of gen-
ital morphology and body weight (Trapp 1962,
Keith et al. 1968). Program CAPTURE (White
et al 1982) provided adult population and den-
sity estimates. The ratio of juveniles:adult in
late August or September was taken as a con-
servative estimate of the number of juveniles
alive:adult at the end of the breeding season.
This ratio then was applied to the estimates of
adult densities in the grid trapped earlier, be-
fore most juveniles were born, for a total pop-
ulation estimate.

Woody vegetation at each of 147 grid points
was surveyed using the point-centered quarter
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Fig. 2. Lynx harvest and number of trapping permits issued
on the Kenai National Wildlife Refuge, Alaska, 1960-81.

method (Cottam and Curtis 1956). For the 4
woody shrubs at each plot the percentage of
available twigs grown in 1982 and the percent-
age of all available stem endings browsed by
hares were recorded. The diameters at point of
browsing (DPB) were measured, and all growth
<2 m aboveground, if not browsed by moose
(Alces alces), was considered to be available to
hares. At each plot the percentage of overhead
cover >1 m aboveground was estimated (James
and Shugart 1970).

RESULTS AND DISCUSSION
Lynx Harvest

After relatively little trapping of lynx in the
early 1960’s when their pelt prices were low,
lynx harvest dramatically increased on the
KNWR in response to increasing pelt values
during the late 1960’s and early 1970’s. Harvest
peaked at 245 during 1973-74 (Fig. 2) and co-
incided with peak snowshoe hare numbers
(Oldemeyer 1983) rather than lagging 2 years
behind as predicted by Brand and Keith (1979).
Lynx harvest remained high after the snowshoe
hares crashed (1974-75 = 162 and 1975-76 =
113), Harvest was only 38 in 1983-84, 10 years
after the previous peak. Two years prior to the
1973-74 peak harvest total harvest was 327 lynx.
Two years prior to the 1983-84 season the har-
vest was only 538 lynx. Even if the peak popu-
lation occurs during 1985-86, the 198384 har-
vest is still 79% lower than that 2 years prior to
the last peak.

The current lynx harvest also is low despite
an increase in trapping pressure on the KNWR.
Between 1971 and 1974, when lynx numbers
were increasing during the last cycle, 207
KNWR trapping permits were issued. Between
1981 and 1984, during the current cycle, 340
permits were issued, an increase of 64%. The
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average number of lynx reported/permit hold-
er declined from 3.0, 2.2, and 3.0 during 1971-
72, 1972-73, and 1973-74, respectively, to 0.2,
0.3, and 0.3 during 1981-82, 1982-83, and
1983-84, respectively. Even if only permit
holders that actually trapped were considered,
the same trend occurs but with a slightly higher
harvest rate/active trapper. Regardless of the
comparison used, more trappers took signifi-
cantly fewer lynx during 1981-84 compared to
1971-74.

The accessible northern part of the KNWR
attracted most (71-86%) of the trappers and,
therefore, received most of the trapping pres-
sure. A minimum of 177,684 trap days was ex-
pended for all furbearers on the KNWR during
the 1982-83 season, 53-64% of which were in
the accessible northern region. Successful lynx
trappers during the same season expended
=85,250 trap days of effort (not all necessarily
for lynx), 52,450 (61%) of which were estimat-
ed to occur in the northern refuge. Successful
KNWR lynx trappers during 1982-83 had 20-
150 sets out for 40-151 days and a success rate
of 1,894 trap days/lynx capture (45 captured
and 9 released). Successful lynx trappers had
about 580 and 260 sets for all furbearers in the
northern and central regions of the KNWR, re-
spectively, during 1982-83. The number of sets
made for lynx only was unknown because 70%
of the trappers are opportunistic and trap for
all species of furbearers (Bailey 1981).

The distribution of lynx harvest on the
KNWR between 1977-78 and 1983-84, when
snowshoe hares were increasing, revealed more
lynx were taken from the central than northern
region of the KNWR (Table 1) despite the cen-
tral region’s smaller size and lower quality (less
early successional forest) lynx habitat and ap-
proximately 50% less trapping effort. Further-
more, the most successful lynx trapper in the
central refuge did not trap lynx for 3 years
(1979-82) in his exclusively used area when lynx
population levels were low. There also was less
trapline overlap in the central region.

Between 1977 and 1984, most lynx (66%)
were taken in areas =4 km from the nearest
maintained public road. Another 26% were tak-
en in areas within 2-4 km of maintained roads
or unmaintained roads open to snowmobile use.
No more than 7 lynx/year were taken adjacent
(<2 km) to roads between 1977 and 1984. The
2 oldest lynx trapped, both males, came from
remote regions of the KNWR. A 12-year-old
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male was trapped adjacent to a rugged, moun-

tainous area =7 km from the nearest road in

the morthern region of the KNWR, and a 10

vear-old male was taken in the central region
%27 km from the nearest road. Females ex-

ceeded males in the reported harvest in 4 of 7
vears between 1977 and 1883,

Lvnx also were removed more rapidly i
northern than central regions of the refluge
monthly distribution of captures of lynx [
tween 1977 and 1954 differed (F
nearly 50% of the harvest on the northe
uge taken the 1st 52 days of the season. The
proportion of lynx harvested in November in
the northern refuge also increased from 5 Lo
between 1977-82 and 19582-84 but
ed from 28 to 15% in the central re
2 '_Chdm' shortening of the lynx season
i;'_-_: 1985-54 did not reduce the number of Iy
vested in March in the northern refuge con
red to the previous G-year March average (1.0
yox). Lynx harvest during March 1884 i
:;-,_-'—:'.:1';;'. refuge increased from a previous
age of 1.6 to 4.0 lynx/month,

The average age of malr- 'ivnu tnpor—*rc' i
n and central reg
977 was 2.1 vears (
N = 17), respectively. The .:veraE= age of fe
1l 'ij % tmnp-ed from the same regions was
= 16) and 1.6 years (N

The

< 0.10) with

de

fuge.

), but few trapped males (1

%) were =3 years old.

Lynx Mortality

The mortality rate of all radie-collared
during the 649-day monitoring period was B0%
Mortality rates mearly doubled between

lynx

the

83 (44%) and 1983-84 (86%) trapping
: {Table 2). Mortality rates were lowest
0 ar |d 29% ) L1u11ng nontrapping pt—:’!nn_= and

even then, deaths were believed o be trapping

related. Mortality eniles was high
TT%) over a relatively brief (125-day) moni
ng period (Jan-May 1983} an d I:1r:"1‘"1.'
equivalent to that among adults (78%) for a
monitoring period of >625 days. Lynx released
prior to or during the 1983-54 season, or the
offspring they produced, comprised
sealed 1983-84 lynx harvest in the northern
gion of the KN'WE. Thus, the reduction in mor-
talitv of only a relatively few individuals was
tial over a vast area of the refuge.
Limited data are available on lynx mortality
rates from other studies. Seasonal trapping mor-
tality was estimated al between 8 and 30% in
Alberta, averaging 10% of the fall population
when lynx pelt prices averaged $44. It ws
tween 17 and 29%, a 2-4-fold increase, when
average pelt prices inecreased to $101 (Brand
: Keith 1979). The maximum estimated
mortality rate duc lo trapping was 42%, a

AITNONE juv

(L0

43% of the

re-

substan

e

Table 2. Morality rates of radio-collared hynx on the Kens
MNationa! Wildlife Refuge, Alzska, 1282-84.

Feriod or 2pe of lynx

Period
198285 geuson 130 454 2
3 offseason 223 1,211 2
B4 season 127 326 3
) 0

offseason 168 330
48 2 486 9 0.90
Age of lynx
-‘u_‘n.'.'._ﬁ 649 2,141 3 .78
Males 433 610 3 0.88
Females 458 1,531 2 0.45
Juveniles 125 343 E 07T

S 1984
ve () of days live radio-collared hynx ware funchoning

ollars
o Tront and Rongstad (1974)
rth sume juvenils Iy becomie adalts «
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the maximum estimated mortality rates of kit-
tens and adults during the 7-month nontrap-
ping period were 95 and 38%, respectively.

The proportion of available lynx released in
1982-83 that was taken on the KNWR the fol-
lowing season (1983-84) suggested trapping was
removing 80% of the individuals. Parker et al.
(1983) reported that trapping removed 65% of
his study population and that all marked lynx
in a 60-km? area were killed by hunters and
trappers within 1 year. Natural annual mortal-
ity of adults, excluding kittens but including
yearlings, in a nonharvested area in Washing-
ton during a period of low prey abundance was
<25% (J. D. Brittell, pers. commun.). Trapping
mortality rates of KNWR lynx thus appeared
2-4x as great as reported elsewhere, and ex-
ceeded by 3x the adult mortality reported in
an untrapped lynx population where natural
mortality rates probably were high.

Trapping was the direct cause of mortality
for 6 of 9 radio-collared lynx. Two of 3 other
mortalities were juveniles that apparently died
of starvation after adult females, assumed to be
their mothers, were taken from the same areas.
Although lacking direct evidence, it appeared
that these kittens were unable to obtain suffi-
cient prey without the help of the female.
Another kitten released by a trapper died, pre-
sumably because of a leg injury but also after
its mother was taken. Therefore, trapping re-
lated causes could have been responsible for all
of the observed mortalities. Juveniles appear
dependent on the female’s hunting prowess
throughout the winter, as suggested elsewhere
(Saunders 1963, Brand et al. 1976, Parker 1981).
We observed a family group together (lynx No.
7) in mid-January and observed tracks of other
family groups in late March. Parker et al. (1983)
suggested that orphaned young are very sus-
ceptible to trapping. No mortality from other
causes (predation or disease) was recorded
among radio-collared lynx or reported or ob-
served from other lynx on the refuge between
1977 and 1984.

The areas used by radio-collared lynx, espe-
cially in the northern region of the KNWR,
were intensively trapped. For example, =15
trappers operated within the oldest male lynx’s
area. His area was bisected by 2 gravel roads
and > 100 km of snowmobile and dog sled trails
and contained =25 aircraft-accessible lakes. The
other mature male’s area was bisected by =2

J. Wildl. Manage. 50(2):1986

traplines. Both males were taken by trappers
within 1 year after their release. There were
few areas the size of an area used by female
lynx that were not trapped during the 1980’s
in the northern region of the KNWR.

Lynx were highly vulnerable to trapping. Ju-
veniles appeared 5x as vulnerable to trapping
as adults, and adult males were nearly 2x as
vulnerable as adult females (Table 2). Juvenile
vulnerability probably was related to family co-
hesiveness because harvest records commonly
indicated several juveniles, presumably siblings,
often were rapidly taken from a small area. Six
of 7 radio-collared lynx were killed within 42
days of the opening of the trapping season or
after they were released within the season. Four
of these 6 lynx were taken during the following
season after their release, and the average dis-
tance between the release and final capture site
was 18 km (range = 0-29 km). Only 1 of the
radio-collared lynx was taken by the same trap-
per in the same location. In Minnesota, when
pelt prices were low, 7 of 14 radio-tagged lynx
were killed by humans, and no natural mortal-
ity was documented (Mech 1980).

Lynx Movements

The areas used by 2 adult females with young
in 1983 were 51 and 89 km? Areas utilized in
the summer (25 km?) by the adult females av-
eraged less than winter areas (49 km?). An adult
male, monitored for 1 year, wandered exten-
sively over 783 km? in the northern region of
the KNWR and was found together with, or
near, 2 widely separated radio-collared adult
females during the 1983 breeding season.
Another mature male, monitored only 42 days,
used =64 km? before he was killed, and a ju-
venile male used an 8.3-km? area in the 1947-
burned area before it dispersed. The terrain used
by lowland residents averaged 129 m in ele-
vation compared to 346 m for transitional-hab-
itat residents.

During a period of high, increasing hare
abundance in interior Alaska, an adult female
and male lynx had home ranges of 13 and 25
km?, respectively (Berrie 1974). During a pe-
riod of low, declining hare numbers in Nova
Scotia, an adult male and female had maximum
(summer) home ranges of 25.6 and 32.3 km?,
respectively (Parker et al. 1983). In Minnesota
female and male lynx had home ranges varying
from 51-122 and 145-243 km?, respectively, in
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an area with few lynx and numerous snowshoe
hares (Mech 1980). Winter home ranges of fe-
male lynx with young in Alberta averaged 17.8
kme, whereas those of adults traveling alone av-
eraged 31.5 km? (Nellis et al. 1972). In Riding
Mountain National Park, Manitoba, the home
ranges of 2 females with kittens averaged 156
km?, whereas that of a male was 221 km® during
a period of increasing snowshoe hare density
Carbyn and Patriquin 1983). Although Nellis
et al. (1972) were unable to demonstrate a sig-
nificant relationship between lynx home range
sizes and hare densities, the areas used by lynx
we monitored were most t:u:nparab]e in size to
those in the Minnesota and Manitoba areas with
low lynx densities.

Lynx Numbers and Densities

Harvest data, movements of radio-collared
lynx, visual observations of unmarked lynx as-
sociating with radic-collarcd lynx, and lymx
tracks were used to estimate minimum num-
bers and densities of lynx in the northern and
central regions of the KNWR. If the annual
harvest rate was 50% of the lynx population as
suggested by our mortality data, the highest es-
timated pretrapping population between 1977
and 19582 was 26 (1982) in the northern region
of the KNWR, or 1.0 lynx,/100 km?* (Table 3
The highest estimated density of lynx in the
high quality habitat in the 1947-burned area in
the northern region of the KNWR was 2.3 lynx
100 km® in 1981. Locations of harvested lynx
and movements, tracks, and observations of ra-
dio-collared lynx suggested that 23 and 20 lynx
were present in the northern region and the
1947-burned area within that region of the
KNWE, respectively, prior to the 198384
ping seasom. This estimate was comparable to a
Lincoln index estimate (20) based on the pro-
portion of marked lynx available and captured
prior to and during that seasomn,

We also estimated potential lynx numbers on
the ENWE between 1977 and 1982 and during
19583 by assuming lynx densities would have
been similar to those documented at other areas
where snowshoe hare densities were known and
comparable to the KNWE hare densities (Tzble
3). These estimates suggested that lynx numbers

trap-

IONS

estimated on the northern and central reg
of the ENWR since 18977 were only 7-15% and
35-_T9%, respg‘.cﬁvlr]y, of ]}'nx numbers docun-

mented with c::umparahh& snowshoe hare den-
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Tabie 3. Estimated numbers of lynx in the northem and cen-
r=l regions of the Kenal Mational Wildife Refuge, Alaska, 1577-
L

Tange of poten
assuming the

= lynord 100 feem®
Clozs  19Agh T 102 3
Morthern® 26 23 344 172 52
1947 burre 19 20 151 51 24
Cenltral® a2 34 55 43 3

d om a harvest rate of 805 of population, as suggested
of available crcollared lyns dix the 188354

(1983) when hare densities were 1000, Tom?

sities. Estimated numbers of lynx on the ENWR
sinee 1977 were most comparable with those
associated with low rather than high snowshoe
hare densities (Brand et al. 1976).

That the refuge supported high densities of
lynx during the previous {1973-74) peak is sug-
gested from previous harvest. One Lrapper took
15 lynx in a toad-accessible area (Skilak Loop
during 1970-71, before the peak, for 2 harvest
density of 10 lynx/100 km? 2 trappers took 26
lynx from a 155-km? area in 1974-75, after the
peak, for a harvest density of 17 lynx/100 km*.
Although the role of social behavior is
in determining upper lynx densities,
gests that lynx densities were =10 lynx /100 km®
and possibly =20 lynx/100 km® on the KNWR
during the previous peak population.

unknown

Snowshoe Hares

Snowshoe hare populations previously peaked
on the KNWR in 1973-T4 (Oldemeyer 1983
and remained low until about 1978 when they
began to increase noticeably, Observations prior
to our study suggested that hares were ex-
tremely abundant in the 1947-burned area since
19581, Single-sample pellet surveys in 1883 in-
dicated highest snowshoe hare use, and presum-
ably winter densities, in the 1947-burned area,
with considerably less use of the alder-domi-
nated and 1969-burned habitats, and lowest use
of the mature forest (Table 4). Pellet densities
in the 1947-burned area in 1983 and in the
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Table 4. Average snowshoe hare pellet densities by lynx habitat type on the Kenai National Wildlife Refuge, Alaska, 1983-84.

1983 1984
Single samples Permanent plots Single samples Permanent plots
Habitat type £ N sD T N SD F: N SD i N SD

Forested

Mature forest 7.9 128 18.1

1947 burn 945 180 74.4 55.0 49 499 42.1 98 33.7

1969 burn 2P -128 32.7 643 49 724 1154 64 107.3 109.5 49 1055
Nonforested 29.1 128 107.9

permanent grids in 1984 were much higher than
those reported by Wolff (1980) or Parker (1981)
at hare densities of 590-1,000/km?2, respective-
ly. Although comparisons are difficult because
of the methods used and unknown pellet de-
composition rates, average snowshoe hare pellet
densities recorded in the 1947-burned area in
1983 (N =278, % =81.5/m?) exceeded those
reported from other studies (MacLulich 1937,
Adams 1959, Dolbeer and Clark 1975, Wolff
1980, Orr and Dodds 1982) with the exception
of a cyclic peak in West Virginia (Brooks 1955).

Snowshoe hare densities in the 1947-burned
area in 1983 exceeded 1,000 and 300/km? in
grids 1 and 3, respectively. In 1984, densities
were >1,200 and 400/km? in Grids 1 and 3,
respectively (Table 5). Capture success, which
paralleled density estimates, suggested a slight-
ly increasing density of hares in Grid 1 and a
stable or slightly declining density in Grid 3.
Overhead cover, an important component of
snowshoe hare habitat (Wolff 1980) was not dif-
ferent (P > 0.05) between Grid 1 (19.4%) and
Grid 3 (12.8%). Other studies (Ernst 1974, Keith
and Windberg 1978, Wolff 1980, Parker et al.
1983) estimated densities of 400-2,291 hares/
km? during population highs.

Hare browsing intensity in the grids also sug-
gested that hares were at peak densities in 1983.
The mean DPB for paper birch in grids 1 and
3 was 3.1 (N =67) and 3.4 mm (N = T74), re-
spectively, and for all browse species it was 2.5
mm. Because hares forced to consume twigs
with a diameter >3 mm cannot maintain body
weight through winter and thus starve (Pease
et al. 1979), Wolff (1980) used a DPB of >3
mm as an indicator of food stress. Browsing
intensities in the 1947-burned area in 1983
ranged from 75 to 87% for paper birch, 51 to
73% for willow, and 31 to 58% for aspen. Only
32% of the birch was browsed by hares in the
1969-burned area in 1983 compared to 42% in
1984. During 1973, when snowshoe hares on

the KNWR were at their last peak, an average
of 86% of all birch plants was browsed by hares
in the 1947 burn near the Moose Research Cen-
ter (Oldemeyer 1983). This was lower than the
100% browsing intensity reported by Wolff
(1980) for a hare peak in interior Alaska.

The transitional vegetation zone between the
forested and alpine habitats received only 33%
of the hare use (29 pellets/m?) of that in the
late successional forest (94 pellets/m?). Alder
swamps and transitional zones between low-
lands and uplands were important habitats for
hares in Minnesota (Green and Evans 1940) and
Michigan (Bookhout 1965). These remote hab-
itats could serve as natural refuges for hares and
lynx. Concentration of lynx sign in this zone on
the refuge was reported 1st in the early 1950’s
(Kenai Natl. Moose Range, unpubl. rep., Kenai,
Alaska, 1951). Upland refuges in valleys, which
supported pockets of hares and lynx during hare
lows, was postulated for interior Alaska by Ber-
rie (1974). Wolff (1980) reported that willow-
alder thickets provided refuges for hares espe-
cially from avian predators.

CONCLUSIONS

Although largely circumstantial, the magni-
tude of available data strongly suggests that the
lynx population in the northern region and, to
a lesser extent, in the central region of the
KNWR was overexploited during 1973-83. By
overexploitation we mean an intense, persis-
tent, and prolonged harvest for >10 years that
exceeded the capacity of the lynx population to
compensate for natural and human mortality
and to naturally fill in vacancies left by the
removal of lynx in more accessible habitats. In-
tensive exploitation began in the early 1970’s
with the demand for lynx pelts and was en-
hanced by the relatively easy access of trappers
into lynx habitat, especially into the northern
region of the KNWR. We believe it depressed
the population well below a level that naturally
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would have been determined by the food sup-
ply. Our conclusions are based on the following
circumstantial evidence: (1) depressed harvest
levels (a decline of =80%) at assumed compa-
rable points during the last 2 lynx-hare cyeles;
9} a peak lynx harvest that corresponded with
peak snowshoe hare numbers instead of lagging
1-2 years behind; (3) intense trapping pressure
and harvest distribution that indicated more
lynx were taken in assumed poorer quality
mote habitats than higher quality, accessible
habitats; (4) the scarcity of untrapped, natural
refugia for lynx in the northern region of the
KNWHE; (5) a trend that suggested lvnx were
taken more rapidly in accessible habitats; (6
low lynx harvest and estimated numbers de-
spite an abundance of snowshoe hares exceed-
ing some of the highest reported densities; (7
the apparent capacity of mid-successional stage
forest habitat to provide more harvest than oc-
curred between 1977 and 1954; (8) the high
trapping mortalily of radio-collared lynx of all
ages; (8) the lack of evidence of any other sig-
nificant source of mortality; (10} large areas used
by lynx in spite of high prey populations sug-
gesting low lynx densities; and (11) estimated
low population levels of lynx compared Lo pre-
vipus and potential population levels.

The lvnx population in the central region of
the KNWR appeared less impacted by exploi-
tation during this period despite its smaller size
and lesser amount of early successional stage
forest, which is favorable to snowshoe hares
This was probably because trapper access was
more difficult and the area included untrapped,
natural refugia. We believe the natural refugia
in the central region of the KNWR supported
low populations of adult lynx after the last
snowshoe hare decline. When the hares in-
creased natural recruitment of lvnx was able to
refill the wvacancies resulting from trapping.
However, because few lynx tracks were report-
ed and lynx were harvested in the more acces-
sible morthwestern part of the central region,
we believe trapping also had influenced lynx
numbers there but to a lesser degree.

Hares were not believed to have been signif-
icantly more abundant during the 1973-74 peak
than during 1983-84 for the following reasons:
1) hare densities probably were extremely low
in the 1969-burned area during the 1970-T4
period because of the lack of cover and food in
the then 1-5-vear-old burn; (2) there was prob-
ably less permanent overhead coniferous eover
in the 1947-burned area during the 1973-T4

e-=
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Tahbis 5. Snowshoe hare capture effort, success, and esti-
mated densities on 2 360 x 360-m grids within the 1947-
bumed area on the Kenai National Wildlife Refuge, Alsska,
128384,

Hares
caphred
Tt Hares,/ km
Grid Trap Juwen-  cap-
o Year mights Adulls ile  fores AR BF
1 19853 656 23 11 64 1,102
1984 TB4 33 20 85 1233
3 1953 T84 2T 75 232 S04 332
1984 833 47 T8 216G S 452
* Fstimate from most appropriate model selected by program CAP-

from 2od mesd approprizte medel sslected 1
See White ot sl [1962] for 2 descriplion of m

peak compared to 1983-84 because of succes
sional changes; (3) hare browsing intensities
generally were lower on the refuge during 1973
Oldemeyer 19583) than reported in interior
Alaska during a population peak which ap-
proached 600 hares/km? (Wolff 1980); and (4
the 1983 hare densities and pellet counts were
among the highest reported. However, the ca-
pacity of burns to support high densities of
smowshoe hares and lynx undoubtedly declines
with time (Fox 1978).

Hares on the KNWE may maintain their
current densities well into the future instead of
following the classical 10-year cycle and thus
give lynx an opportunity to increase another 1-
5 vears. An extended peak hare population may
be possible, especially because mild winters with
little snowfall are common on the Kenai Pen-
insula (Bangs and Bailey 1980}, whereas cold
temperatures and deep snow are correlated with
low adult survival (Meslow and Keith 1971).
However, present hare browsing intensities and
DPB of stems in the 1947-burned area suggest
that hares are near that habitat’s carrying ca-
pacity. Therefore, we do not rule out another
1-2 years of high hare densities on the KNWER
But given the current mortality rates of lynx
and their estimated low population levels rela-
tive to habitat and prev, we believe a 1-2 vear
delay in a hare population crash would not al-
low KNWHR lynx populations sufficient time to
recover to potential levels,

MANAGEMENT IMPLICATIONS

The effects of intensive exploitation on lynx
populations will undoubtedly vary, ameng oth-
er factors, with the presence and size of natural,
untrapped refugia. When trapping pressure in-
creased during the last 10 years on the KNWEH,
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areas which previously served as natural ref-
ugia for lynx because of difficult or controlled
access were exploited by alternative modes of
access. Areas closed or inaccessible to aircraft
were exploited by trappers hiking on foot or
using dog teams. Where snowmobiles were per-
mitted, trappers extended traplines into remote
areas by making new trails or using old oil and
gas seismic exploration lines for trails. High lynx
pelt prices provided the incentive to expend the
extra effort and expenses to exploit these remote
areas. As exploitation increased, fewer lynx were
taken and less sign of lynx was observed in ac-
cessible areas. Because of these events, it was
important to document changes in harvest dis-
tribution because few lynx were taken from vast
areas of suitable habitat. However, with sus-
tained exploitation lynx eventually were re-
moved from the remaining refugia and harvest
continued to decline.

The minimum size of refugia needed to
maintain viable populations of lynx where they
are cyclic and heavily exploited is unknown.
Our data suggested that the majority of lynx
were being removed from the nearly 2,500-km?
northern region of the KNWR in the 10 years
between 1973 and 1984. Under heavy exploi-
tation =50%, perhaps 80%, of the lynx were
removed annually from the most accessible
areas. Had it not been for several rugged moun-
tain valleys that supported lynx along the east-
ern flank of the KNWR, there may have been
even fewer lynx in the harvest. We speculate
that vacancies caused by initial exploitation in
the lowlands were filled by lynx dispersing from
refugia in the remote, mountainous area. How-
ever, as exploitation increased, trappers active-
ly searched out remaining pockets of lynx in
the mountains, began to impact these natural
refugia, and influenced the flow of dispersing
lynx into other areas of the northern region of
the KNWR.

The minimum area required by individual
lynx to survive periods of snowshoe hare scar-
city is unknown. We suspect it is much larger
than the areas we documented during periods
of hare abundance. Resident bobcats (F. rufus)
enlarged their areas of use or abandoned tra-
ditional home ranges after their staple prey de-
clined (Bailey 1974). Therefore, areas required
to maintain viable lynx populations during lows
and with intensive trapping may be large com-
pared to periods of hare abundance. For ex-
ample, Carbyn and Patriquin (1983) believed
trappers outside the park could extirpate lynx
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from the entire 2,944-km? Riding Mountain
National Park because lynx home ranges were
so large during periods of low hare abundance.
The park was not large enough to sustain a vi-
able lynx population and lynx had to be replen-
ished from outside the park boundaries. Qur
observations on the northern region of the
KNWR, which is of similar size, support that
concern.

Fisher (Martes pennanti) are similar in many
aspects (reproductive rate, population density,
food habits, cyclic with snowshoe hares, and
high vulnerability to trapping [Strickland et al.
1982]) to lynx. Models of fisher populations
(Powell 1979) suggest that the mere removal of
>1-4 individuals/100 km?/year by trapping
could cause local fisher extirpation, perhaps over
much larger areas.

The intensive exploitation of lynx on the
KNWR coincided with 3-5 years of low hare
densities and presumed low or negative lynx
population recruitment. Brand and Keith (1979)
recommended at least a 3-year curtailment of
trapping during lynx population declines to en-
sure survival of adequate breeding populations
for the next cycle. A comparison of the KNWR
lynx harvest during the increase phases of the
last 2 lynx cycles indicated 576 fewer lynx were
taken during the last cycle. At an average Se-
attle fur auction price of $301.30 (Mar 1984),
the economic loss to KNWR trappers could have
been as high as $173,550, which supports the
rationale behind Brand and Keith's (1979) rec-
ommended lynx harvest strategy. Our data fur-
ther suggest that in highly accessible areas with
few natural refugia, curtailment of trapping up
to 5 years may be necessary to protect viable
breeding populations of lynx. Thereafter, quo-
tas or highly shortened seasons will be necessary
to prevent overexploitation. Future overexploi-
tation is especially a concern considering that
the average value of lynx pelts taken from the
KNWR during 1984-85 exceeded $500/pelt.

Because of intensive exploitation, lynx trap-
ping was closed in the northern region of the
KNWR by an emergency order of the ADFG
prior to the 1984-85 trapping season. Through-
out the remainder of the Kenai Peninsula, in-
cluding the KNWR, the lynx season was short-
ened to reduce harvest from 120 to 47 days. To
reduce incidental catch of lynx on the remain-
der of the KNWR, cubby, bait, and flag sets for
gray wolves (Canis lupus), coyotes (Canis la-
trans), and wolverine (Gulo gulo) were prohib-
ited before and after the shortened lynx season
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and were prohibited entirely from the northern
region of the KNWR. These management ac-
tions may have to remain in place for 3-3 years
and hopefully will allow lynx populations, es-
the KN'WRE's northern region, to re-
cover while snowshoe hares ave still abune

pecially in

If successtul, the lynx population should expand
into unoccupied habitat and reach levels to en-
sure that adequate numbers are available after
the hare’s decline to respond to the next hare
population increase. Efforts also are underway
to develop a reliable and practical lvnx census
technigue, to increase opur knowledge of lynx
ecology, and to adopt 2 new furbearer
-ation plan for the KNWER.
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